BIOCOMPATIBLE IMPLANT FOR THE EXPRESSION AND IN 
VIVO SECRETION OF A THERAPEUTIC SUBSTANCE 

The invention relates to a bicxcmpatible implant f cr the 
expressicn of defined substances in man or in animals, in particxilar 
for the anchonng of the recombinant cdls of the invention. 

The present invention also relates to retroviral vectors for the 
preparation of recomtanant cells capable d being implanted in vivo 
for a therapeutic purpcsa 

State of the art 

The in vivc introduction of implants capable of expressing 
defined substances for example for therapeutic purposes 
necessitates the use ct efficacious agents as regards the desired 
therapeutic or prophylactic objective and that the organism into 
which the implant is introduced has the capacity to tderate it in the 
relatively long-term. 

The earlier international patent application puUished under 
the number 92/15676 described agents to obtain in vivo the 
expression of defined nudeotide sequences for the purpose of a 
therapeutic treatment of diseases resulting from a genetic anomaly. 
This international application 92/15676 proposes the use of 
fibroblasts genetically modified by a retroviral vector for the 
purpose of implanting them in the connective tissue of the skin of 
the subject to be treated. 

The nudeotide sequence whose expression is desired in this 
earlier intematiorial application is placed under the control of the 
LTR (Long Terminal Repeat) sequence of the retroviral vector 
and/or under the control of indudble or constitutive exogenous 
promoters, the LTR sequence of the retrovirus being nonetheless 
conserved when the exogenous promoter is present. 

Summary of the invention 

The invention proposes agents making it possible to achieve in 
vivo the expression of a selected nudeotide sequence under 
conditions such that this expression is obtained over a period of 
several mcnths, preferatiy more than 6 months, in a manner such 
that the product of the nudeotide sequence expressed is present in 



sufficient quantity and under conditians suitable for the production 
of a desired therapeutic effect in vivQ 

The agents defined in the present application make it possible 
to achieve the expression and the secreticn d a protein, glyco- 
protein or a peptide of biological interest to justify its therapeutic 
use in viva 

The invention also rdates to the use of biocanpatible 
materials as supports for the introduction into man or animals of 
cells for example recombinant cells of the invention defined below, 
starting from which it is desired to produce a defined mdecule in 
particular for therapeutic purposes. 

The preparation of implants requires sudi supports suitable 
for being placed in contact with cells and various factors promoting 
the adhesion of these cells to the support if necessary, under 
conditions such that Ihe different constituents present conserve 
their principal natural structural and functional properties. 

These biocompatible supports whether of bidogical origin or 
not may or may not be resorbable by the host into which they are 
introduced. 

The invention also concerns retroviral vectors having the 
capacity to infect cdls, and in particular eukaryctic c&Us, as well as 
the recombinant cells induding these vectors. The recombinant cdls 
of the invention may be administered or implanted in a patient, 
thus producing in vivo a protein or any expression product of a 
defined nucleotide sequence inserted into the retroviral vector. 

The inventors have examined which are the parameters 
which, at various i^eis, would make it possible to express m vivo a 
defined nucleotide sequence so as to improve the expression d the 
nucleotide sequence inserted in the vector in order to obtain a 
therapeutic effect, if necessary of long duration. 

Thus, they have demonstrated that when the exogenous 
nucleotide sequence whose expression is desired is advantageously 
placed in the vector intended for the infection of the cells under the 
contrd of an inducible cr constitutive exogenous promoter, the LTR 
sequence internal to the retroviral vector must then be partially 
deleted. The deietion must be suffident to impair the transcription 
of the mRNA 
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Detailed description the invention 

Bloccni^jatibie implant 

The implant cr neo-organ d the invention is obtained by the 
process which consists m the in vitro assembly of various elements 
in order to form an implant which is introduced preferably into the 
peritoneal cavity of the recipient. Other implantation sites can be 
used such as the perirenal space, the skin. In vivo the implant gives 
rise to a connective tissue formed de nova which is vascularized 
and unmodified over the course of time 

In general, the implant of the invention is diaracterized in that 
it comprises : 

- a biocompatible support making passible the biological 
anchoring oi ceils; 

- cdls having the capadty to express and secrete naturally or 
after recombination a defined substance, for escample, a substance of 
therapeutic interest, and 

- a constituent capable of inducing and/ or promoting the 
gdation said cells. 

In particular, the elements participating in the assembly of the 
in vitro implant are the fdlowing : 

1) Aiig^d support It may be prepared from different 
bionaterials ; PTF^ coral, cross-linked cdlagen fibers; 

2) Aocilagen gd. It is possible to use rat tail collagen, bovine 
cdlagen, human collagen; and 

3) Genetically mcxfified cdl^ preferably the recombinant 
cdls of the present inv0:ition which are described in detail bdow. 

Hence the object of the invention is an implant or neo-organ 
characterized in that it comprises a biocompatibie rigid support, in 
particular a rigid support made d PFTE or of biological origin, 
making possible the biological anchoring of cells previously placed 
or not placed in contact with constituents capable ot inducing 
and/ cr promoting their inclusion within a gel-forming matrix, said 
cells being chosen for their capacity to express and secrete naturally 
or after recombinaticn a defined substance^ for example a substance 
cf therapeutic interest. 

The expression "bioicgical anchoring" means that the cells 
contained in the implant can bind to the surface of the 



biocompatible support or, in certain cases, penetrate into the interior 
of this support. 

This binding of the cells to the support is made possible in 
particular by the presence of constituents capable of inducing 
and/ or promoting the mclusion of the cells within a matrix having 
the constitution of a gd. 

This inclusion in the matrix, called gelation, permits the 
organization of the cells in a three-dimensional structure inan 
amorphous environment, not giving rise in vivo to prolonged 
inflammation. 

Acojrding to a first embodiment of the invention, the implant 
obtained is constituted on the one hand of a bioccmpatible material 
such as a support consisting of a synthetic biocompatible material , 
in particular pdytetraflucroethylene fibers (PTFE) or a support 
consisting of a calaum-t^ased material, in particular a material 
based on calcium carbonate, of biological origin, preferably coral 
and, on the other hand, a gel optionally loaded with cells expressing 
the substance of interest, in particular recombinant cells. 

The invention also relates to a method of preparation of the 
implant. The method comprises the steps of : 

- placing the biocompatible support in contact with said cells 
and a constituent capable of inducing and/ or promoting their 
gelation; 

- incubation of the pr^aration obtained in the preceding step 
in order to obtain the gelation of said constituents ; 

- culture of cells thus obtained under conditions permitting 
their tDinding to the gelled constituents; and 

- recovery of the implant thus obtained. 

a) Implant ccnsisting of a synthetic biocompatible material. 

The object of the invention is an implant or neo-organ 
characterized in that it comprises cells expressing the substance of 
interest, in combination with pdytetraflucroethylene (PTFE) fibers 
and collagen. On being introduced in viva such an implant is 
capable of constituting a vascularized neo-organ, individualized 
within a tissua 

Advantageously, the implant such as described afco/e 
comprises in addition a grc^vth factor, for ©cample the bFGF (basic 



Fibroblast Grcwth Fader). This growth factor promotes the 
vascularizaticn cf the neo-organ when the latter Is implanted in 
vivo . 

Preferably, the neo-organ is introduced into the peritoneal 
cavity of the patient In whom it is desired to obtain the expression 
of the exogenous nucleotide sequence contained in the vector of the 
invention. This localization of the neo-organ is favourable for the 
development of its vascularizaticn and to its maintenance in an 
individualized form in this organ. The implantation of the neo- 
organ comprising recombinant ceils according to the invention may 
be permanent cr, on the contrary, temporary, it being possible in 
this latter case to withdraw the neo-organ after a given time of 
implantation. 

Furthermore the invention rdates to a process for the 
preparation of an implant defined above, comprising the steps of 

- placing recombinant cdls in contact with a sdution of 
collagen and PTFE fibers preferably previously treated with 
collagen and optionally with an angiogenic growth factor, 

- incubation d the pr^aration obtained in the preceding step 
in order to obtain the gelation of the collagen, 

- culture of the cells thus obtained for a time sufficient to allow 
the cells to tind to the collagen fibers, 

- recovery of the implant thus obtained. 

b) Implant consisting of a biocompatible material of biological 
origin. 

Preferably, the material used is a high porosity coral, i.e. it 
possesses a porosity such as that described in the French patent No 
2 460 657. It may also be a powder of sufficient porosity to make it 
possible to obtain a solid framework for the purpose d constituting 
a cellular network comprising or not a biological support such as 
cdlagen. In the case in which the coral is replaced by collagen, 
cross-linked or not, this latter may also serve both as support and as 
matrix promoting the iDidogical gelation for the constitution of the 
network of cdls 

According to an advantageous embodiment of the invention 
the high porosity coral used is of the spherical type. 



According to another embodiment, the implant consists of a 
support of tiological origin fcrming a sdid matrix, said support 
containing ; 

- ccJlagen with variaUe cross-linking for example in the fam of 
fibers or sponges such as those sdd under the trade marks 
Hemostagene® or Paroguide'^; 

- powdered or fragmented bone; or 

- carbohydrate-based pdymers such as dextran or hyaluronic add. 

According to an advantageous embodiment of the invention, 
the sdid framework of bidogical origin is capable of being resorbed 
in vivo . 

The Implant thus constituted allCTvs the in vivo formation of 
an individualized and, if necessary, stable neo-organ in which the 
bidogical support is capable of being progressivdy resorbed 
leaving in place a structure containing a vascularized connective 
tissue of a form quite canparable to that of the implant, this neo- 
organ having, however, optionally a reduced volume compared 
with the vdume of the criginal implant. 

A particularly preferred implant in the framework of the 
invention is such that the constituents capable of inducing and/ or 
promoting the gelation of the cells are for example uncross-linked 
cdlagen cr alginates 

In particular, recourse will be had to type I cdlagen, for 
example^ in particular at a concentration of 1.5 mg/ml. 

Other constituents for gelling the cells may naturally be used 
provided that they have the desired functional property and that 
th^ exhibit the properties of haoconirpatibility required in crder to 
be introduced in vivo in man or animals 

c) Use of the implant cf the invention. 

An implant particularly suited to the realization of the 
invention is additionally characterized in that the ceils are 
recombinant cells carrying genetic infcxmation foreign to their 
genome and capable d expressing this additional information in 
yivo and having the capacity to he tderated immundogically by an 
organism to which they might be administered. 



In a preferred manner, an implant aoxxding to the invention 
is characterized in that the recombinant cells are modified by a 
vector ccntaining one cr more exogenous nucleotide sequences, 
coding for an antigen or antigenic determinant cr coding for a 
pdypeptide or glycc^rotein, soluble in serum, for example a 
pdypeptlde or a glycoprotein of therapeutic interest, in particular a 
hormone, a structural protein or glycoprotein or a metatxiic protein 
cr glycoprotein or a viral protein cr glycoprotein or a protein 
having the properties of an antibody or antibody fragment. 

In a preferred manner, the implant contains in addition one or 
more angiogenic factors, in particular bFGF, preferably 
incorporated during the placing of the biocompatiHe support in 
contact with the cells and the constituent capable of Inducing 
and /or promoting their gelation. 

The binding d the angiogenic factor, for example bFGF, is 
promoted hy the presence cf the gdling agent. 

This agent contributes to the stable binding of the angiogenic 
factors to the support of biological origin of the implant 

In a particularly advantageous manner, the implant also 
contains heparin or a heparin derivative such as heparan sulfate or 
heparin fractions. 

Heparin and its derivatives are capable of binding to the 
constituents promoting gelation and thus cf increasing the affinity 
of the angiogenic factors for the constituents responsible for 
gelation. In particular, heparin binds to cdlagen and thus increases 
the affinity of bFGF for cdlagen. 

The implant according to the invention may be employed in a 
permanent or temporary fashion for use in man cr animals. In fact, 
its capacity to constitute in vivo an individualized neo-organ makes 
it possible to withdraw it if necessary. 

In a particularly valuable manner an implant according to the 
invention can be used for : 

- the treatment of genetic diseases, in particular for the treatment of 
lysosomal overload, hemophilia A or hemophilia B, of beta- 
thai assemia, the exogenous nudeotide sequence contained in the 
recombinant cells corresponding respectively to those which code 
for beta- glucuronidase, fcr the factor VIII, factor IX or erythro- 
pdetin, or for an active part of these sequences; 



- the treatment d ac^quired diseases, for example for the treatment 
of viral diseases, in particular fcr the treatment an infection due 
to the HIV retrcp/irus for example by the ocpressicn and secretion 
into the serum sdubie CD4 molecules or of a sduble anti -viral 
protein; 

- the treatment tumors, the exogenous nucleotide sequence 
contained in the recombinant cells coding for a substance capable of 
promoting or enhanang the immune response against the tumor 
cells. 

The object of the inventicn is also a ccmposition characterized 
in that it contains an implant according to the invention and one or 
more ether constituents sudi as for example an antigen, an adjuvant 
in particular for vacanation. 

The agents described in the invention thus make it possible to 
envisage the treatment of genetic or acquired diseases over a long 
period, more than several months, and do so without the repeated 
administration of the expression product of the exogenous 
nucleotide sequence whose therapeutic activity is desired. 
Furthermore^ the agents described in the invention lead to the 
production in the form of a secreted protein of a quantity of 
expression product cf the exogenous nucleotide sequence sufficient 
to have a therapeutic effect in viva 

Another application of the recombinant cdls according to the 
invention or compositions or implants containing them relates to 
the preparation cf antibodies against the expression product of the 
exogenous nucleotide sequence contained in the vector introduced 
into the recombinant cells. Preferably, these antibodies are 
produced in vivo when the recombinant ceils are implanted in an 
organism 

This use makes it passible for example to produce antibodies 
against an antigen neither whose amino add sequence nor 
necessarily the DNA or cDNA sequence has iDeen identified. 
Dqsending on the effect desired, the introduction of the 
recombinant vector according to the invention will be made into a 
defined cdl type. 

Similarly, the invention permits the in vivo production of 
antibodies against a defined antigen for example for the purposes of 
vaccinating a patient. 




Recxmbinant cdls such as those described below or 
ccmpositions cr implants containing them may also be used for the 
treatment d tumors, the exogenous nucleotide secpjence contained 
in the recombinant cells coding for a substance capahie 
promoting or enhanang the immune response against the tumor 
cells. 

As a particular instance, the recombinant cells utilizable for 
the treatment d turners may be cells obtained by recombination of 
tumor cdls taken from a patient with a retroviral vector complying 
with the spear 1 cations given in the following pages 

Kit j ujun i ng to the inventicn 

The invention also includes a kit for the preparation of an 
implant for achieving m vivo the expression and secretion by cdls 
of a substance for producing the desired therapeutic effect. The kit 
of the invention usually contains : 

- a biocompatibje support making possibie the anchoring of 
said cells; and 

- a constituent capabie of inducing and /or promoting the 
gdatlon of said cells. 

In particular, the biocompatibie support comprises at least one 
of the ingredients chosen from among the group induding PTFE or 
a support of bidogical origin, particularly a caldum-based, and in 
particular a caldum carbonate-based, support of biological origin, 
and preferably coral. The constituent capabie of indudng and/ or 
promoting the gelation of the cdls is preferably collagen, in 
particular type I collagen, and preferabiy at a concentration of the 
order of 1.5 mg/ml. 

The kit according to the invention may also indude a DNA 
comprising a sequence coding for the substance expressed and 
secreted by said cells. This DNA may be used to transform the cells 
taken from the patient to be treated. 

More particularly, the DNA forming part of the kit is a 
retroviral vector such as that described bdow. 

The kit may also contain cdls having the capadty to eocpress 
and secrete naturally or after recombination a defined substance, fa- 
example a substance of therapeutic interest. 




this deleticn makes it passible to diminish and preferably to 
neutralize the transcriptiona] effect oi the LTR region by conserving 
the capacity o( the exogenous promoter to promote and ccntroi the 
expression of the exogenous nucleotide sequence contained in the 
retroviral vector. 

It is also possiUe to envisage the deletion of all of the 
sequence constituting the promoter and the enhancer. However, 
such a deleticn has the disadvantage of being accompanied by a 
considerable diminution of the vector titers. 

According to a variant of the embodiment of the invention, the 
proviral sequence upstream from the exogenous promoter is the 
nucleotide sequence situated between nucleotides 1 and about 1500 
according to the numfc>enng of the sequence shown in Figure 1. This 
sequence upstream from the promoter essentially lacks the entire 
complement of the gag , pd and env genes ot the proviral sequenca 

The exogenous nucleotide sequence is advantageously 
inserted under the contrd of the exogenous promoter in the place of 
the deleted gag pd and env sequences. 

When the promoter is the PGK-1 promoter described below, 
the exogenous nucleotide sequence is advantageously inserted at 
the BamHI site downstream from this promoter. 

2) Boqgenoas imriectide sequence 

An "exogenous nucleotide sequence" according to the 
invention is a sequence which is not expressed naturally in a cdl in 
which the retrcviral vector of the invention is introduced or is 
expressed there m msuffident quantity or is one which it is desired 
to produce in greater quantity than is normally expressed. This 
defective or insuffident expression results from the nature of the 
cdl or occurs because of a disease affecting this cell in a given 
individual. 

In a preferred manner, the "exogenous nucleotide sequence" 
codes for a defined pdypeptide. By "pdypeptide" is meant any 
amino add sequence irrespective of its size, this expression 
comprising proteins and pepitides. The pdypeptide may be in a 
glycosylated or non-glyccsylated form 



Retrcviral vector and leuumUn ant ceils. 

a) Retroviral vector 

A novel recombinant retroviral vector according to the invention is 
characterized ih that it comprizes : 

- a provirus.DNA sequence modified in that : 

- the gag, and env genes have been deleted at least in part 
in order to obtain a prcviral DNA incapable of self-repli cation, this 
DNA in addition not being able to recombine to form a wild-type 
virus; 

- the LTR sequence bears a ddetion in the U3 sequence such 
that transcription of the mRNA it controis is significantly reduced, 
by at least 10 fold for example^ and 

- this recombinant retroviral vector comprising in addition an 
exogenous nucleotide sequence under th contrd of a promoter for 
example an exogenous inducible or constitutive promoter. 

The pnndpal dements forming this vector are described 
below in detail. 

1) Fkoviral DNA 

A "proviral DNA sequence" is a sequence of DNA transcribed 
from the genomic RNA of the virus when it is integrated in the host 
cells of the virus The prc^/iral DNA thus comprises sequences 
coding for the gag, pd and env proteins of the retrovirus whidi 
correspond respectively to the nudeoproteins, pdymerases, 
envdope proteins and glycoproteins. 

The retroviral vector according to the mvention is such that 
the gag, pd and env genes of the proviral DNA have been deleted 
at least in part in order to obtain a proviral DNA incapable of self- 
r^lication, this DNA in addition being unable to recombine to form 
a wild-type virus 

The proviral DNA also bears sequences called LTR (Long 
Terminal Repeat) whidi bear regions called R, U3 and U5. These 
sequences of the LTR region are invdved in the replication cyde of 
the retrovirus. 

The LTR sequence of the proviral DNA has also been mutated 
by ddetion, for example in its U3 part; this deletion affects the 
functions of the internal enhancer of the LTR region. Furthermore, 
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3) ExDgcnoos pami^to 

The promoter used for the construction cf recombinant 
retroviruses according to the invention is advantageously 
exogenous with respect to the sequence whose expression it ccntrds 
in the sense that it is not naturally assodated with it. It is also 
possible to use the promoter of the transferred exogenous gene 

The promoter used in the vector of the invention may be of the 
inducible or constitutive type This exogenous promoter controls the 
expression of the exogenous nucleotide sequence The prcmoter 
may optionally be accompanied by a regulatory nucleic add 
sequence for example an "enhancer" which wculd serve to regulate 
its activity. 

In the case of in du able promoters, promoters such as the Mx 
promoter in mice the promoters including a tetracydine operator or 
even promoters regulated fay hormones, in particular steroid 
hormones, may also be used. As regards the so-called "constitutive" 
promoters, the use of active internal promoters in resting fibroblasts 
such as the PGK prcmoter or another promoter of the housekeeping 
gene is preferred. 

In a particularly advantageous manner for the construction of 
the retroviral vector according to the invention, the exogenous 
constitutive promoter is a promoter without a TATA box and in 
particular the promoter of the phosphoglycerate kinase gene (PGK- 
1). This promoter is either the mouse promoter or the human 
promoter as described t^y Adra et al. (Gene 60, 1987, 65-74). 

The insertion of the PGK-1 promoter into a retroviral vector 
makes possible the transfer of the gene into skin fitjroDlasts for 
example and the statie expression at high level and for the very 
long term of this gene after the fibroblasts have been implanted in 
vivo in a recipient, a mammal for example 

Other constitutive promoters may be used in place of the 
PGK-1 promoter. In general, recourse will be had to a promoter 
active in the ceils which it is desired to transform with the retroviral 
vector and in particular active promoters in quiescent fibroblasts, 
for example promoters preceding the genes for the cytoskdeton. It 
is also possible to mention the promoter of beta-actin. (Kort et al., 
1983, Nucl. Adds Res. 11 : 8287-8301) or the promoter of the 




vimentin gene (Rettlez et Basenga (1987), Mol. Cell. Bid. Z : 1676- 
1685). The promoter used may lack a " TATA box". 

Rrftamli ai constiuctiGns cf flie rebwirai vector 

A first particular retrcviral vector in the framework of the 
invention is such that an exogenous nudectide sequence and an 
exogenous constitutive promoter as well as the proviral DNA 
sequence are bome by a plasmid. As an example, these sequences 
may be borne by the plasmid pBR322 whidi allows the introduction 
of the DNA into the cell lines in which it is desired to produce the 
vector. 

According to another advantageous embodiment of the 
invention a vector complying with the preceding specifications is in 
addition charactenzed in that the prcviral DNA is derived from the 
Mo-MuLV retrovirus. Other retroviruses oi the MuLV family may 
be used and mention should be made^ for example^ of the HaSV or 
F-MuLV retroviruses. 

Preferably, the sequences of the pd and env genes d the 
proviral DNA are ccmpletdy deleted. In this case, the sequence of 
the gag gene may also be entirely ddeted or, on the other hand, be 
conserved in part, provided that the prc^i^al DNA thus constituted 
is no longer capable of replication. 

Advantageously, a retroviral vector such as previously 
defined is characterized in that the U3 region of the LTR3' fragment 
is deleted at nucleotide 2797 cf Figure 1. This ddetion corresponds 
to a deletion of a fragment situated between nucleotides 7935 and 
8113 according to the numbering of the sequence published by 
Shinnick et al. (Nature 293^ 543-548, 1981). This deleted fragment ci 
the IB sequence of the LTR3' contains the enhancer region of the 
LTR 

Preferably, a retro/iral vector according to the invention is a 
type pM48 vector derived from the Mdoney virus in which the viral 
"enhancer" localized in V3 has been ddeted and which contains an 
internal promoter active in resting fibroblasts, preferably the PGK 
promoter or another promoter of the housekeeping gene, such as 
the vector shewn in Rgure 2, modified by the exogenous nudeotide 
sequence at the Bam HI site 
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The retroviral vector M48 LacZ (also designated by the 
expression pM48 LacZ) was deposited with the CNCM (Collecticn 
Nationale de Culture de Mcrocrganismes, Paris - France) under the 
Nq 1-1298 cn 16 April 1993. 

This vector is derived frcm the vector pM48 and is 
characterized in that it ccntains dcwnstream frcm the exogenous 
ccnstitutive promoter a Bam HI fragment d the gene fcr bd:a- 
galactosidase 

This fragment of the beta-galactosidase gene may easily be 
deleted and replace by an exogenous nucleotide sequence of 
interest, for example a sequence coding for a protein cr a 
glyoDprotein capable of having therapeutic value or against the 
protein product cf which it would be desired for example to obtain 
antibodi es. 

A retroviral vector of the invention may also contain a 
sequence capable of enhancing the transcriptional activity of the 
promoter either constitutively or indudbly. The vector may contain 
an enhancer sequence upstream from the exogenous promoter. 

b) Recombinant cells 

Moreover, the invention relates to recombinant cdls 
characterized in that they are cells having the capacity to be 
toierated immunologically by an organism in which they might be 
implanted, modified by a retroviral vector complying with one of 
the preceding specifications 

Such cells may be cells derived from the organism into which 
they are to be implanted after recombnation by transduction with 
the vector of the invention or cdls lacking at their surface antigens 
roognlzed by the immune system of the organism into which they 
are implanted. 

They may also be endothelial cells, myoblasts, muscle cells or 
tumor cells irradiated or treated according to other procedures to 
prevent their proliferation and taken from the patient whose genetic 
make-up it is desired to modify so that they may counteract the 
development of the tumor. 

Preferably, these recombinant cells are recombinant fibroliasts 
and in particular skin fibroblasts. Preferably, th^ are autoiogous 
fibrotDlasts with respect to the patient in whom it is desired to 




implant them after their modification by a vector according to the 
invention. Fibrodasts prepared from other organisms may be used 
such as for example fibroblasts isdated from an umbilical cord. The 
genetically modified fibroblasts used in the context c<= the present 
invention are not immcrtalized fibrobiasts. 

These cdls may be modified by a recombinant vector coding 
for a defined polypeptide, said vectcr permitting the expression of 
the foreign DNA in the cdls. They may also be modified by the 
methods of so-called homologous recombination. The penetration of 
the vector into the cells is carried out t^y using electroporation or 
precipitation with calcium phosphate or also by any other method 
implicated in the entry of a nuddc add dther alone or through the 
intermediary of a recombinant virus, for example 

By "reccmbined cells" is also meant tumor autologous cells 
irradiated pnor to their introductim into the gd, having the 
capadty to maintain at their surface tumor antigens accessibie to the 
immune system of the host into which the implant according to the 
invention has been introduced. 

The recombinant cdls o^ the invention are also obtained either 
by infection of the cdls to be modified v^th a retroviral vector of the 
invention, or by other transduction methods involving naked DNA 
DNA-proteins complex or an adenoviral vector. In the case of an 
infection with a retroviral vector, the sequence coding for the 
pdyp^tide whose expression (exogenous nudeotide sequence) is 
desired is introduced into the proviral DNA 

In a preferred manner, the recombinant cells are modified by a 
vector containing one or more exogenous nudeotide sequence(s) 
coding for an antigen cr an antigenic determinant or coding for a 
polypeptide or a glycoprotein, soluble in the serum, for example a 
polypeptide or a glycoprotein of therapeutic interest, in particular a 
hormone, a structural protdn or glycoprotein or a metabolic protein 
or glycoprotein or a viral protein or glycoprotdn or a protein 
having the properties of an antibody or an antibody fragment. 

As an example; this exogenous nudeotide sequence codes for 
beta- glucuronidase cr another lysosomal enzyme such as alpha- 
iduronidase or arylsulfatase B, a coagulation factor such as factor 
VIII or factor IX, erythropoietin or any active part of one of these 
protdns. 




other advantages and diaracteri sties of the invention will 
become apparent in the Examples and the figures which follow. 

- figure 1 . nucleotide sequence of the vector V148; 

- figure 2 : representation the vector pM48. 

FREFARATIQN OF THE RECOMBINANT VECTOR 

The transfer and expression d exogenous genetic material 
makes it possit^e to modify ©cperimentally the properties of the 
tissue. It has been possitie to suggest treatments teased on this 
prindple for diseases due to genetic deficiencies or acquired 
diseases. The e<ample described below makes use of a retroviral 
vector for introducing into cells the genetic infcxmation coding for a 
secreted protein. The reimplantation in the organism of the 
genetically modified ceils is carried out by combining these cells 
with collagen, an angiogenic factor and the framework of the coral 
or cross-linked collagen type. The long-term in vivo expression of 
the genetic material thus transferred is obtained by using the 
promoter of the murine phosphoglycerate kinase gena 

1 - RETROVIRAL VECTOR 

1.1. - Properties 

The retrcviral vector M48 (Figure 2) is constructed from 
proviral sequences isolated from the genomic DNA of rat cells 
infected with the Moloney murine leukemogenic retrovirus (Mo- 
MuLV). The gag , pd and env genes which code for the proteins of 
the virus were ddeted and replaced by the sequences to he 
transmitted. The retroviral sequences in ds necessary for the 
production and maturation of the transcripts of the recombinant 
viral genome, for their packaging in infectious viral particles, their 
reverse transcription and their integration in the genome of the 
infected cell have been conserved. The sequences of the 
recombinant prc^/irus and the flanking fragments of cellular DNA 
are txme by the bacterial plasmid pBR322. 
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The prcmoter of the mouse phosphoglycerate kinase (PGK-1) 
gene was inserted in the place dt the viral genes. A unique Bam HI 
cloning site enables the sequences to be transmitted to be placed in 
the retroviral vector under the control of this prcmoter. 

This retroviral vector bears a ddetion in the U3 sequences of 
the internal LTR (Cone et al., Md. Cdl Bid. 7 887-897, 1987) This 
leads to a considerable reduction of the mRNAs being initiated from 
the 5' LTR and to a predominance of mRNAs produced under the 
contrd of the PGK-1 promoter. The use of this vector haice results 
in the insertion in the genome of the target cdl of an expression 
cassette of the sequence of interest under the contrd of the PGK-1 
prcmoter. 

1.2. - Structure of the vector 

The complete sequence of the vector M48 (Hgure 1) comprises 



- FkjBdlicn 1 to 2D19 : Mo-MuLV sequences comprising the 5' 
long terminal repeat (or 5' LTR or LTR 5'), the packaging sequences 
\^/^- which include a part of the gag gene (position -447 to 1564 in the 
numbering of Shinnick et al. (Nature 293, 543-548, 1981). These 
sequences are modified as fdlows : insertion of a Sac II linker (5' 
CCCGCGGGy) at position 1074 (positicn 626, Shinnick et al.). 

This leads to a mutation in phase with the sequence coding for 

gag. 

- Poatian 2D20 to 2526 : Promoter of the mouse gene coding 
for phosphoglycerate kinase (position -524 to -20, before the 
translation start codon, according to Adra et al., Gene 6q 65-74, 
1987). 

- FositiGn 2527 to 2532 : Unique Bam HI site for the insertion of 
sequences which will be expressed under the contrd of the PGK-1 
promoter. 

- Fositicn 2533 to 3101 : Mo-MuLV sequences including the 3' 
end of the eny gene (32 codons) and the LTR3'. These sequences are 
modified as f dlcws : deletion of the U3 sequences of the LTR 



included between 7935 and 8113 in the numbering of Shinnick et al. 
and the insertion a linker Sail (2798 in the present numbering). 

- FcEitiGn 3102 to 3674 : Rat genomic sequences. 

- Fbsiticxi 3675 to 8003 : Sequences d the plasrrrid vector 
pBR322 (position 4363 to 29) comprising the beta-iactamase gene 
These sequences are modified as fdlcws : destruction of the BamHI 
site (position 7657, present numbering). 

- Fbsiticn 8004 to 8388 : Rat genomic sequences. 
1-3. - Productio n of the retroviral verfnr 

This production is carried out by introducing the recombinant 
proviral structure m a cell line in which the gag, pd and eny genes 
are expressed constitutively. 

This line, called a transcomplementary or packaging line, 
synthesizes retrcr/iral particles ladcing genomic RNA The \|/CRIP 
line derived from NIH/3T3 mouse fibroblasts Is used here (Danes 
and Mulligan, Proc Natl. Acad. Sd. (USA) SS; 6460-6465. 1988). 
When the reconbinant construction is introduced by transfection, 
the RNA transcripts from the LTR5' are encapsidated andthe cdls 
then produce particles capaMe of transmitting the reccmbinant 
genome but which are incapable of reheating. 

After transfection of the reccmbinant construction the cells 
producing reh-oviral vector are selected. Either a done producing 
high viral titers or a poiydonal population is used for the 
preparation of the vector. The steps of isoiaticn of a produdng done 
are the following : 

1) The ^CRl? cells are transfeded by a copredpitate with 
caidum phosphate (Graham and van der Erh, Virology, 52, 456, 
1973) of the retroviral construction and the plasmid pSV2neo 
(Southern and Berg, J. Mol. Appl. Gen. 1 327-341, 1982) in a mdar 
ratio of 10 tol. 

2) The ceils which have integrated in a stable manner and 
express the exogenous DNA are sdected in the presence 1 mg/ml 
G418 (Genetidn, Gibco). 



3) The population of cdls resistant to G418 in which isolated 
individual clones are tested fcr their capacity to produce the 
retroviral vector. For that purpose, NIH/3T3 target cells are placed 
in the presence d culture medium recoated frcm the vjiCRIP cells, 
and the transmission of the recombinant provirus is analyzed after 
48 hours The analysis, performed on the genomic DNA d the 
target cdls, is made by PCR (qualitative method) cr by Southern 
blot (quantitative method). 

4) A library ci producing ceils is stored at -ISS^C 

2 - PREPARAnON OFTHE STCXZKS OF RETROVIRAL 
VECTOR 

The culture supernatant of the packaging cells is recoated after 
an incubation fcr 24 hours with the packaging cells producing the 
retroviral vector and placed in contact with the target cdls in order 
to achieve the infection. 

2.1. - Bulk preparation 

A stock of a hundred ampoules containing producing cells is 
stored at -135" C After l^ng thawed, the cells are amplified for 10 
days, successively in bottles then in rdler bottles of 875 cm^, until 
20 confluent rollers are obtained. The production is then begun. It 
lasts 4 or 5 days The culture medium is DMEM ccntainingl g/1 of 
glucose^ 10 mM of sodium pyruvate and supplemeted with 5% 
newborn calf serum (Hydcne). Eadi roller bottle makes possible the 
conditioning of 100 ml of medium per 24 hours. This culture 
sTjpematant is cenmfuged to remcve the ceil debris. The weekly 
production is 8 to 10 liters of viral supernatant 

2.2. - Concentration 

The supernatant may be concentrated to increase the 
infectious titer of the retroviral vector. After centrifugation, the 
supernatant is dialyzed tangentially against a Sartocon membrane 
of porosity 100.000 by using the Crossflow apparatus of Sartorius A 
twenty fdd concentration is obtained in 3 hours. It is accompanied 
by a 20 increase in the infectious titer. After concentration, the viral 
preparation is used immediately or stored at -80**C if it is not to be 
used for at least 2 weeks. 



3 - SKIN FIBROBLASTS 

3.1. - Isolation and placing in culture 

The fibroblasts intended for the gene transfer are obtained by 
a cutaneous biopsy perfcrmed under very careful aseptic 
conditions. In the mouse, a syngeneic animal is sacrificed for this 
purpose. In the large mammal, one or more fragments of skin about 
10 cm2 are taken under general anesthesia After sectioning in strips 
of several mm^, the fragments are dissociated ty an enzymatic 
treatment. Fcr a fragment of 10 cm2, the reaction is carried out for 2 
hours at 37* C by gentle shaking in 50 ml of RPMI 1640 medium 
supplemented with 10% fetal calf serum, 100 mg of coilagenase 
(Worthington), 500 U of dispase (Collaborative Research Inc). After 
centrifugation and washing the cells are counted then seeded in 150 
cm2 bottles at a concentration of 1 to 5 x 106/cm2. The culture 
medium is RPMI 1640 supplemented with 10 to 20% fetal calf 
serum. 

3.2. - Infection by the retroviral vector 

The infections with the pr^aration of retroviral vector are 
started the day after the placing in culture although the cell density 
is less than 20% of confluence. They are repeated daily following the 
same protocol for 4 or 5 days. After removal of the culture medium, 
the cells are placed in contact with the concentrated or 
unconcentrated retroviral vector preparation, but supplemented in 
all cases with 8 |ig/ml cf pdybrene The incubation is carried out 
for 2 hours at 37*C, then without prior washing the viral 
preparation is replaced ty the culture medium. 

When a vector coding for a protein detectable under the 
microscope is used, it is observed that this process allows the 
introduction of the foreign gene into more than 90% of the 
fibrobiasts. The level of secretion of the protein into the culture 
supernatant may t^e checked during and at the end of this process. 
All or part of the cells may he frozen at this stage. 

After infection, the cells are amplified to produce a number 
sufficient for reimplantation, i.a 2 - 6 x 10^ cells/kg of body weight. 
The amplification is carried out cn culture trays (multitray, Nunc). 




3.3. - Harvesting of the genetically modified cells 
After amplification, the cells are harvested by treatment with 
trypsin. After being washed and counted, they are available to be 
used for the fcrmation of a neo-crgan. A sample is stared to check 
the genetic transfer by Southem blot as well as the expression and 
secretion of the foreign protein by a suitable procedure 

Example 1 . 

Secretion c£ a lysoscmal enzyme (beta-^iKuranidase) in flie 
mcose wifli impiants uui iLiiun g PTFE fibers rat tail cdl^en and 
^kxn fifantiasts modified witfi a letroviiai vector. 

1.1. - Constituents 

Three constituents are assembled in vitrQ The method 
described belcvv is applicable to the construction d neo-organs of 1 
ml containing 5 x 10^ to 10"7 genetically modified cells. The same 
proportions are used for the formation of neo-organs of large size 
containing 1 to 5 x lO^ cells. 

1) Polytetrafluoroethylene fibers (Gore and associates) 
sterilized by autodaving (laO^Q 30 minutes) are coated by type 1 
cdlagen. The fibers are bathed in a 0.1% solution of rat tail cdlagen 
(Sigma) in 0.1 N acetic add. This treatment is carried out under 
vacuum for 1 hour at room temperature in order to expd air present 
between the synthetic fitters. The oollagens of mousey bovine or 
human origin may be used indiscriminately. After drying for 24 
hours under a hood with laminar air flow, the fibers thus 
surrounded with a fine film of collagen are incubated in the 
presence of an angiogenic growth factor (basic FGF, Farmitalia, 10- 
20 ng/50 mg of fibers in a sdution of FBS-5% beta- 
mercaptoethand). The fibers thus treated are washed in PBS and 
stored at 4*C 

2) A sduticn constituted of the following ingredients is 
prepared. For 1 mi : 100 ^il 10 x RFMI 1640 (Gibco); 12 \s\ 7.5% 
ticarbonate; 8 7.5 N NaOH; 2.5 1, IM Hepes; 100 jig 
penicillin /glutamine (Gibco); 10 ng bFGF (Farmitalia); 1.5 mg 
collagen (Bioethica); distilled water to 1 ml. This solution of syrupy 
consistency is stcred at 4*C 
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3) After washing, the genetically modified ceIIs are 
resuspended in 100 [il RPMI 1640 with 15% fetal calf serum 

1.2. - AssemHy 

The in vitro assembly of the neo-organ is carried out under 
sterile conditicns in a hood, in the fdlowing manner : 

1) 1 mg of treated fibers are spread out in a culture dish 
(Coming 24 wdls plate). 

2) The genetically modified cells (100 are incorporated into 
the collagen solution (1 ml) using a shaker, 

3) This mixture is deposited on the fibers. 

The entire preparation is placed in an incubator (37* C, 5% 
CO2) for 30 mmutes in order to obtain the gdation of the cdlagen. 
When this occurs, 1 ml of RPMI 1640 with fetal calf serum is 
d^osited on the gd in crder to compensate the variations in pH. 
Two to four hours later, the gel is ddicatdy detached from the rim 
of the culture dish with the aid of an injection needle and 
transferred to a larger dish in the presence of an excess of culture 
medium for a period of 12 to 24 hours During this lapse of time the 
fibroblasts induded in the collagen gel bind to the collagen fibers 
and this induces a retraction cf the structure It is usual to cibseive a 
reduction of more than 50% of the initial vdume The whole is then 
ready to be implanted in the organism 

1.3. - Implantation 

The neo-organ is introduced in the peritoneal cavity in the 
course of a laparotomy performed under general anesthesia In the 
mousey the implantation is effected by inserting, without binding, 
the neo-organ between the midgut loops in contact with the 
mesentery. In the large mammal, the neo-organ is fixed by two 
points between the two layers of the omentum Vascular 
ccnnections are established from the first days onwards. The 
exogenous protdn may then be released into the drculation of the 
redpient animal. As from the third week following the 
implantation, an organ often pediculate^ encapsulated and well 
individualized is formed. Very many vascular connections are 
visible at its surface Inflammatory adhesion does not exist. The 
examinations at 3 and 6 months show an identical appearance. The 



histdoglcal analysis at this stage reveals the p-esence of loose, 
vascularized and cnly slightly inflamed connective tissue. 

1-4. - Treatment diseases of lysoscmal overload 
This process was applied to the treatment cf a disease of 
lysosomal overload for which a mouse model is available It 
involves a deficit of beta-glucuronidase responsiUe for a 
mucopolysacchandosis. The beta-glucuronidase is phosphorylated 
and is thus m part transported to the lysoscmes and in part secreted 
in the drculation. It may be pid<ed up by other tissues through the 
intermediary of the mannose-6-phosphate receptor expressed at the 
surface of many ceil. This specific recovery permits a therapeutic 
approach in which the continuous systemic distribution of the 
missing enzyme is ensured by genetically modified cells 

Implants of 0.5 cm^ containing 20 x 10^ autologous fibroblasts 
are wdl tolerated by the mouse The implanted cells express the 
human beta-glucuronidase gene inserted into the vector M48 under 
the control of the PGK promoter and secrete the foreign protein fcr 
more than 5 months. The bidogical effect is expressed by a rapid 
fall in the urinary elimination of the intermediary catabdites of the 
degradation d the mucopdy saccharides. The histdqgical 
normalization of the tissues of the recipient animal is spectacular, 
particularly in the liver and the spleen. It is stable with time and 
depends on the presence of the neo-organ whose excision induces a 
return to the initial pathdqgical state 

This process is applicabie to the treatment of all of the diseases 
lysosomal overload, including Gaucher's disease for which the 
supply of a sdude fcrm of the glucocerd^rosidase can be 
envisaged. 

Example 2 : 

Sct^retian d a lyscsscmal en^me (beta-g^ucorcnidse^ in flie 
dog with implants u u t iLaiun g PTFE fibers rat tal cdl^^ aid 
dcin fibroidasts modilled wiih a idnwlial vector- 
Four dogs received from 1 to 6 neo-organs each containing 10^ 
autdogous fibroblastsgenetically modified by means of the vector 
M48-Pglu in order to secrete human beta-glucuronidase. Three 




animals ct the Labradcr race weighing 21 to 29 kg and one animal 

the Beagle race weighing about 9 kg were used. The surgical 
implantation performed under general anesthesia consisted of 
inserting the implants between the two parietal and visceral layers 
of the omentum dose to the greater curvature d the stomach. This 
rapid operaticxi is accompanied by simple operative fdlow-ups and 
makes it possible to envisage in the future an implantation by 
coeliosurgery. One and a half months, four months and six months 
after the implantation an exploratory laparotomy was performed in 
crder to make a macroscopic chedc-up of the implant. The 
identification of the omentum was easy and the detection of the 
grafted structure was made very quickly. No adhesion was 
recorded and the vascularization was considerable, including large 
calibre vessels m connection with the implant. The appearance of 
the implant has not altered during the period of this observation. A 
liver bic^y practised at the same time made it possible to 
investigate the presence of human beta- glucuronidase The 
measurement of the activity on cdl extracts showed a level 
equivalent to 2-3% of the endogenous canine activity which was 
stable with time in the animals having received mere than 2 x 10^ 
genetically modified autologous fibroblasts. The revelation in situ 
on sections showed an activity localized in the Kupffer cells. The 
results are summarized in Table 1. 
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Example 3 : 

SecretiGn ctf a lysoscmai enzyme (bcta-L-idoranidbsc^ in flic 
moose wifii implants oontaining PTFE fibers; rat tail ocilagEn and 
^cin fibrabiasts modified with a leboviiai yfedxx. 

A cDNA ceding for the human beta-L-iduronldase was 
introduced into the vector M48 and a reccmbinant retrovirus was 
produced in the i^CRIP line Rbroblasts of nude mice were placed 
in primary culture and infected with this retroviral vector. The ceils 
secreting the human enzyme were introduced into six syngeneic 
recipients in two neo-organs each containing 10 millions cells. 

The animals were sacrificed after 35 to 77 days and the 
presence of the human enzyme in thdr liver and spleen was verified 
by means of a monodcnal antibody. An enzymatic activity 
equivalent to 1-2% of the endogenous activity was demcnstrated, 
indicating the production cf the enzyme from the cells cf the neo- 
organ and its detection at a distance. 

Example 4 : 

Seareticn cf eryfhrapcietin (EPQ) in fiie moose wifii 
implants oantaining FTFE fibez^ rat tail cxilagen and sJdni 
fibrabiasts mocfified wifii a Tefnjviial vedbor. 

The nlslacZ gene was excised from the vector M48-nislacZ by 
Bam HI digestion and replaced by a cDNA coding for mouse EPO 
synthesized by PGR, thus generating the vector M48EPQ A dene of 
\j/CRE cells producing M48EPO retroviral particles was isolated. A 
sample of fibrabiasts was taken from adult mice by skin biopsy and 
a primary culture was established in RPMI 1640 medium with 10% 
PCS. These cells were infected by the vector M48EPO repeatedly for 
the first 4 days of the culture Analysis by Southern blot showed 
that the infected cells contained on average 2 copies of the M48EPO 
genome per cdl. Analysis by Northern bJot showed the very 
predominant expression of the cDNA of the EPO under the control 
d the PGK-1 promoter. Abidogical assay of the EPO activity 
secreted by these cells as well as an ELISA assay measured a 
secretion of 17 units of EPO per million cdls per 24 hours. These 
cells were amplified in culture^ trypsinized, then resuspended in 
RPMI 1640 at a concentration cf 2.5 x 10^ to 2 x 10^ ceils per ml. 



Implants were pr^ared by combining the following 
ingredients in a 0.9 cm^ wdl : 1) PTFE fibers treated previously as 
described above to be coated successively with rat tail collagen 
(Sigma), heparin (Roche) and bFGF (Promega); 2) 1 mi of a sdution 
containing x mg/ml of rat tail cdlagen (Sigma), bFGF (10 iig/ml) in 
RFMI 1640 medium; 3) a volume of 10 |il the suspension of 
fibroblasts genetically modified to secrete EFO. After having 
obtained a hcmogeneous mixture, this latter is sdidified by 
incubation at 37' C for 30 minutes, then the gel is very carefully 
separated from the walls of the culture well, transferred to a 35 mm 
diameter Petri dish coated with RPMI 1640 medium containing 10% 
FCS and incubated at 37**C for 3 days. A contracticn of the gd 
occurred dunng this incubation resulting in a 50% diminution in 
size The implants were then inserted in the peritoneal cavity of 14 
syngeneic mice with genetically modified fibroblasts 

The weekly measurement of the hematocrit (normal value 46 
+ /- 1.5%) showed a progressive rise towards a plateau, the levd of 
which varied as a function of the number of cells secreting EPO in 
the implants. This plateau was 80% f or 2 x 10^ cells, 70% for 10^ 
cdls, 60% for 5 X 106 cdls, 527e for 2.5 x 10^ cells. It was maintained 
at this levd during the 6 months period of observation of the 
animals. The concentrations of EPO in the serum of the mice bearing 
implants secreting EPO varied from 60 to 400 mU per ml (normal < 
20 mU/ml). 

The implants constituted of PTFE, rat tail collagen and cells 
genetically modified by the retrc^/iral vector M48EPO thus make 
possible a stable long-term secretion of EPO in viva at high levels 
estimated to be between 500 and 1500 mU/kg/24 hours, i.e. 
sufficient in man for the correction of the anemia due to 
hemoglobinopathies such as sickle cell anemia and beta- 
thalassemia. Levels 10 fcAd lower would be sufficient for the 
treatment of anemia associated with chronic renal insufficiency. 



-28- 



IN VIVO UTILIZATION OF IMPLANTS OONTAINING CORAT. 
AS BIOLOGICAL SUPPORT 

1. In the mouse 

In the C3H/He mouse compatibility eKperiments with 
Biocoral® as implant showed that it could represent an 
advantageous alternative to the synthetic supports. 

It was in fact possible to coat Socoral® effectivdy with 
different ingredients cf the extracdlular matrix as wdl as 
angiogenic factors. It was shewn that murine type I cdlagen at a 
concentraticn of 0.5 mg/ml in 0.001% acetic add adheres and cavers 
the coral support after drying in air at room temperature for 12 to 24 
hours. The presence oi this element of the extra-cellular matrix then 
made possible the irreversibSe binding of the basic fibroblast growth 
factor labelled with 125i (125i.basic Fibroblast Growth Factor) 
(bFGF) to Biocoral®. In this way the binding of an average d 50 ng 
of bFGF to 40 mg of coral support pretreated with murine type I 
cdlagen was achieved. .Although this binding could have also been 
done in the absence of pretreatment with cdlagen, in this latter case 
it was reversible; hence d low affinity. Cdlagen is thus an essential 
intermediary and justified for the stahJe binding of angiogenic 
factors to Biocoral. Finally, it was possible to increase the binding d 
bFGF five to ten fold when the coating d 40 mg d Bocorai by 
cdlagen was supplemented by 200 ^ig h^aran sulfate (Sigma) (1 
mg/ml solution in PBS) or 500 units of heparin (Roche) (5000 
units/ ml solution). These two components of the extraceilular 
matrix have a known affinity for collagen (Baird, A, Schutaert, D., 
Ling, N. and Guillemin, R (1988) Receptcr and heparin binding 
domains of basic fibroblast growth factor. Proc Natl. Acad. Sd. 
USASS^ 2324-2328). 

Their anionic and pdysulfated properties are responsible for the 
strong affinity for the bFGF (Johnson, D.E., Lee^ P.L., Lu, J., and 
Williams, L.T. (1990) Diverse forms d a receptor for acidic and basic 
fibroblast growth factors Md. Cdl. Biol. IQ 4728-4739). After 
incubation in the presence of one or dher d these components 1 h 
at 4'*C with shaking, the Biocoral was dried in air at room 
tempo-ature Thus h^arinized, the coral has an anti-coagulant 
action. 
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Assays d subcutaneous implantation with 40 mg of high 
porosity (50%) sphencal coral coated with murine type I cdlagen 
and bFGF (=50 ng/40 mg of coral) were performed in vivo on ten 
mice- The macroscapic and histological appearance ofthese implants 
was analyzed ever a period of 7 months. The results show that 
Biocoral was progressivdy resorbed during several months and was 
replaced by a struaure formed of vascularized connective tissue 
having the initial spherical form d the coral implant with, however, 
a reduction in vdume of approdmateiy a third. 
The histdogical analysis c<= this connective tissue at three months 
shelved an intense vascularization and the total at^sence of 
inflammatory cells in spite of the coral residues present. The actual 
connective tissue was f coned of only slightly dense mesenchymal 
cdls, surrounded by newly formed cdlagen fibers. The analysis at 7 
months showed similar results without involution. 

2. In the dog : 

In the 25 kg dog we carried out a first implantation 
experiment with a neo-crgan, the external part of which made of 
porous coral (50%) made it possible to retain a retracted cdlagen gel 
containing 1 to 2 x 10^ genetically modified autdogous fibroblasts. 
The Bioccral support had tDeen coated with murine type I cdlagen 
and heparin (Roche). After drying, the coral thus pretreated was 
incubated in the presence at an angiogenic growth factor of the 
bFGF type (Farmitalia) then rinced with PBS. The surgical 
implantation periormed under general anesthesia consisted of 
inserting the whde implant between the two parietal and visceral 
layers of the omentum dose to the greater curvature of the stomach. 
This rapid operation made possible simple operative follow-ups 
and makes it possible to envisage in the future an implantation by 
coeliosurgery. Forty five days after, an exploratory laparotomy was 
performed in order to make a macroscopic check-up ci the implant. 
The identification of the amentum was easy, no adhesion was noted 
and the detection of the coral implant, containing the genetically 
modified autologous fibroblasts, was made very quickly. It was not 
possible to observe any adhesion and the vascularization was 
considerable, including large calibre vessels in connection with the 
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implant. A process of progressive rescqrtion of the coral was 
ctoserved for at least 4 months 

3. Other mammals ; 

The creation d neo-organs by using Biocoral suited to surgical 
implantation in large mammals, in particular man, with a view to 
their clinical development is carried out analcgously. Biocoral can 
be modulated in its design, is capable of triggering a sustained 
angiogenesis combined with its cwn resorption and, finally, is 
devoid of inflammatory local and systemic effects Sudi a 
biomaterial advantageously serves as receptacle and skeleton for a 
type I collagen gel containing genetically modified autologous cdls, 
capable of secreting a therapeutic factor in the circulation once the 
vascular connections are established. 

Example 5 : 

SecTieticn cf crythrapcictm (EPCQ in flie moose willi 
impiarrts ocntainiTig fiagmcnts at coral, T3t tail ccOagcn and ^dn 
fibroblasts mcxfified wifli a reboviial vec±cr. 

In the same manner as in Example 4, mouse fibroblasts were 
obtained from a skin biopsy, placed in culture and transduced with 
the vector M48EPO. After amplification, the cells were trypsinized 
and resuspended in RPMI 1640 medium containing 10% PCS at a 
concentration of 10^ cells per ml. 

Implants were pr^ared by combining the following 
ingredients in a 0.9 cm? well : 1) coral powder (InotdD) oompcsed of 
parti des of porosity > 45% and a granulcmetry between 600 and 
1000 jjim, the pores of which had a mean. diameter of 150 \im, 
previously treated by incubation in a sdution of rat tail collagen (1 
mg/ml) for 30 minutes at rocm temperature, dried, then incubated 
in a heparin sdution (Roche) for 30 minutes at room temperature, 
dried, then incubated in a 100 iig/ml solution of bPGF (Promega) 
for 30 minutes at room temperature; 2) 1 ml of a sdution containing 
3 mg/ml d rat tail cdlagen (Sigma), bFGF (100 jig/ml) in RPMI 
1640 medium; 3) a vdume d 100 ^1 d the suspension of fibroblasts 
genetically modified to secrete EPO. As in the exanples 1 to 3, a 
homogeneous mixture d these constituents was sdidified by 
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incubation at 37° C for 30 minutes, then the gd was very carefully 
separated frcm the walls ct the culture wells, transferred to a 35 mm 
diameter Petri dish, coated with RPMI 1640 medium containing 107o 
PCS and incubated at 3TC for 3 days The implants were then 
inserted in the pentoneal cavity of 3 syngeneic mice with genetically 
modified fibrotiasts. 

As in Example 4, the measurement d the hematocrit of the 
animal recipients shewed a rapid increase reaching a plateau after 3 
weeks, and which was maintained at this level for ail d the period 
of the observahon (2 months). Implants formed of a structured 
cdlagen gel with fragments of coral thus make possible the 
maintenance in the functional state of genetically modified 
fibroblasts implanted in the peritoneal cavity o( recipient animals, 
as well as the long-term secreticn d a soluble protein in the serum. 

Example 6 : 

Secreticn ctf er yUu ty u i din (EPO) in flie moose wiHi 
infants ocntaining orcEs-liTiked ccOagjen fibers^ rat: tai] cxiSz^g^ 
and skin fibrcislasts mcxfified wifli a idioviral vedor. 

A similar experiment to the Examples 4 and 5 consisted of 
producing implants combining mouse fibroblasts transduced with 
the M48EPO vector, rat tail cdlagen and a support formed ot cross- 
linked collagen fibers (Imedex). The preparation was made in the 
fdlcwing manner : 1) the fibers dehydrated and sterilized by 
radiation were first rehydrated by incubation for 12 hours at 4*C in 
RPMI 1640 medium. They were then incubated at room temperature 
for 30 minutes m RPMI 1640 containing 107<. PCS and 100 jig/ml of 
bPGF (Promega), then loaded into a 0.4 cm^ wdl to which was 
added 1 ml of RPMI 1640 sdution containing PCS (10%), rat tail 
collagen (1 mg/ml), bFGP(100 ^ig/ml, Promega) and lO'^ fibroblasts 
genetically modified to secret EPO. After sdidifi cation at 3TC for 
30 minutes, the gd was then very carefully detadied from the walls 
d the culture wdl, transferred to a 35 mm diameter Petri dish and 
coated with RPMI 1640 medium containing 10% PCS The implants 
were incubated for 3 days at 3T*Q moderate contraction of the 
structure was observed, then they were implanted in 3 syngeneic 
mice 



In a manner similar to that described in the Examples 4 and 5, 
the weekly measurement of the hematocrit showed a progressive 
rise until a plateau was reached which was maintained for the 
duration ci the obser/ation period (2 months). Implants formed cf a 
structured cdlagen gd with cross-linked cdlagen fibers thus make 
possible the maintenance of the functional state of genetically 
modified fit^roblasts implanted in the peritoneal cavity of animal 
recipients as well as the long-term secretion of a sduble protein in 
the serum 

Example 7 : 

I>etcsdficaticn of bilirabni by ^ocarancxn^^tiGn in rats 
bearing implants cmtaining FTFE fiben^ rat taO crilag^ and 
gOietically mocfified fibrcblasis esqpressing fiie enzyme UDP- 
g^tifsironasjd transferase. 

Bilirubin is a degradation product of the haem produced 
continuously and in considerable quantity by the organism. 
Bilirubin is liposoiufcJe and can penetrate passivdy into cells where 
its accumulation is tcDdc The elimination of bilirubin is achieved by 
glucurono-ccnjugation in the hepatocyes by the en^me bilirubin 
UDP-glucuronosyl transferase (bil. UDPGT) which exists in two 
known isoforms (1 and 2). The addition of glucuronic add makes 
the molecule water soluble, non-tcodc and makes possible its 
excretion in the bile Complete hereditary defidt of bil. UDPGT 
activity is responsible for a veiy serious disease (Crigler- Najjar 
disease) which requires liver transplantation. There exists a modd 
for this disease m the rat (Gunn rat). 

The rat cDNA coding for the isoform 2 (bil.UDPGT-2) and 
human cDNA coding for isoform 1 (bil.UDPGT-1) were inserted 
into the M48 vector after exdsion of the nlslacZ gene by the Bam HI 
enzyme, thus generating the vectors M48GT-2 and M48GT-1. In a 
manner similar to that described in Examples 1, 3 and 4 samples of 
Gunn rat fibrot^iasts were taken by skin biopsy, placed in culture 
and transduced by the vector M48GT-2. The presence of, on 
average one copy of the vector genome in the transduced cdls was 
verified by Southern blot, and the expression undo* the control of 
the PGK promoter was verified by Northern biot. The bil. UDPGT 
enzymatic activity was detected in the microsomal extracts of the 



infected fibroblasts. The cells were amplified in culture, trypsinized 
then resuspended in RPMI 1640 at a concentration 2 x 108 cells 
per mi. 

Implants containing 2 x 10^ genetically modified cdls were 
prepared in the same manner as in Examples 1, 3 and 4. Two 
implants were mserted in the peritcneal cavity of each recipient 
Gunn rat. As the colony of Gunn rats used is not inbred, care was 
taken that each animal is reimplanted with its own cdls. The 
measurement of the unconjugated bilirubin ccncentrations in the 
treated animals and in ccntrd rats d the same age showed a 
significant and stable diminution (between 20 and 50%) during a 
period of observation of 2 months in rats bearing implants of 
fibroblasts expressing the bil.UDPGT. Bile samples were collected 
when the animals were sacrificed and analyzed by high pressure 
liquid chromatography (HPLQ. Whereas the untreated animals 
show a total absence cf conjugated bilirubin in the bile, the Gunn 
rats bearing implants containing fibroblasts expressing the 
bil.UDPGT showed peaks identified as mono- and di-conjugated 
bilirubin. The proportion ct conjugated bilirubin attained up to 11% 
of the bilirubin present in the bile 

These results indicate that rat fibroblasts transduced with the 
vector M48UDPGT-1 and grafted into Gunn rats in the form ct 
implants combining PTFE fibers and rat tail collagen are capaUe of 
achieving in vivo the glucurono-conjugaticn reaction of bilirubin, 
and the conjugated bilirubin can then be eliminated in the bile by 
the hepatocytes, thus making possible a partial correction of the 
phenotype of the diseased animals. It is thus possible to achieve the 
detoxification of biological products in vivo by means of genetically 
modified fibroblasts implanted in a structured collagen gel with 
PTFE fibers. 

Example 8 : 

Use ctf an indodble p i mule r {Ms^ tomodolafce flie 
aqpressicxi ct a cDNA. inserted in a letitwiral vector. 

In the case o^ implants secreting a protein continuously into 
the drculation, it would be desirable to be able to exerdse contrd 
over this secret! cn. In order to do this a retroviral vector derived 
frcm the vector M48 was constructed in which the PGK-1 promoter 



was excised and replaced by a fragment of 250 bp covering the 
regicn -250 to +1 d the prcmoter of the Mx gene the mouse. This 
promoter comprises elements of reponse to stimulation ty alpha 
and beta interf ercns. In the mouse the protdn Mx is expressed in 
response to a secretion ct alpha cr beta interferon. In a manner 
similar to that m Examples 3, 4 and 5, the cDNA coding fcr mouse 
EPO was inserted into this vector at the BamHI site, thus generating 
the vector MxEPO. yCRE cells producing recombinant ecotropic 
retroviral particles containing the genome of the vector MxEPO 
were isolated. Fibroblasts isdated from a skin biopsy performed on 
a mouse were infected with the vector MxEPO, and the EPO 
secreted into the supernatant of these cultures was measured before 
and after addition of alpha interferon (1000 units per ml) in the 
culture medium The basic secretion levels of EPO were less than 0.3 
units/ ml /24 hours, evidence for a low activity of the Mx promoter 
present in the MxEPO vector in the absence of interferon. An 
increase in the secretion up to 10 fdd the basic levd was measured 
after addition of alpha interferon. This high secretion is maintained 
fcr at least 6 days This observation shews that a ccntrci may be 
exerdsed over a transcripticnal promoter inserted into a retroviral 
vector after the integration cf the latter in the genome of the target 
cell. 

Implants constituted of PTFE fibers, rat tail cdlagen and 
containing skin fibroblasts transduced with the MxEPO vector were 
prepared and implanted in syngeneic mice. In the absence of other 
treatment, these animal have maintained a normal hematocrit. Some 
of the recipient animals were treated by the intra-peritoneal 
injecticn of 50 mg of polyA-U (Boehringer) each 48 hours fcr two 
weeks in order to raise the hematocrit. 

Treatment cf gEnetic or rfimiiiTri cfiseases. 

The process is applicable to the ddivery to the serum of any 
soluble protein or transmembrane proteins lacking their membrane 
immobilization domain. However, it does not permit regulaticn of 
the serum concentraticns of the foreign protein. The fdlcwing 
applications are envisaged for genetic diseases : in hemophilia B, the 
supply of factor IX; in hemophilia A, the supply cf factor VIII in the 
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fcxm of a protein ddeted in the B region; in beta-thai assemi a, the 
supply d erythropcietin capable of correcting the anemia by 
stimulation fetal hemoglobin synthesis. 

The supply cr sdude CD4 or its derivatives cxxipled to 
immunotoxins and immunoglobulins is conceivable in infections by 
retroviruses cf the HIV family. More generally, any solubJe anti- 
viral protein could be delivered in this manner. 

FrcdudiGn cf antibcdies 

The drculaticn of a foreign protein in the mouse induces an 
immune response marked ty the appearance of specific antibodies 
as we have observed for beta-glucuronidase^ the soluble CD4 and 
erythropoietin. The process could thus be applied to immunise 
animals against the still unidentified product cf a cDNA isolated by 
reverse genetics or by other means. It should be possible to obtain 
pdyclonal or monoclonal antibodies in this manner without 
necessitating the pnor prq^aration of the protein. 

The same approach can be envisaged to achieve 
immunizaticns for a therapeutic or prophylactic purpose It should 
be passible to suggest vaccinating preparations, for example, 
against neutralizing epitcpes of the envelope of HIV or rdated 
viruses. 

R^ulation by the tst operator JbEt Aiy i esau r system 

Skin fibroblasts are prepared in which two retroviral vectors 
are introduced, one coding for the protein of interest placed under 
the control of a prcmcter comprising the tet operator elements, the 
other coding for the tet rq^ressor or a related molecule modified in 
order to produce an enhancer effect. Depending on the nature of 
this latter element and that of the promoter containing the operatcr 
sequences, the addition of tetracycline will induce an enhancement 
or a repression of transcription. The fibroblasts transduced with 
these two vectors are implanted in vivo in a neo-organ and the 
animals are treated with tetracycline in order to assess the induction 
cf expression. The reporter gene is preferably that of the mouse 
EPO. 



R/^^ialicxl by flie progeslErone roc^star mocfified in cxder to 
mdaoe iranscripticn in flw presence of RUI8I!l 

When its C-terminal region is deaved the progesta-cne 
receptor becomes capatie d stimulating transcription in the 
presence of RU486. Skin fibroUasts are infected with two retroviral 
vectors, one coding for the protein of interest expressed under the 
ccntrd of a promoter comprising elements of reponse to 
progesterone^ the other coding for a truncated version d the 
progesterone receptor. As previously, the fibroblasts transduced by 
these two vectors are implanted in neo-organs in the mouse and the 
animals are treated with RU486. 



